Abstract: When Rankine or Coulomb theories to design of retaining wall are used, it is accepted beforehand that the retaining wall will experience a lateral displacement. This displacement is normally not calculated when a retaining wall is designed. This paper describes a method to estimate the lateral displacement of retaining walls. A practical example in the lateral displacement of a gravity retaining wall is presented.
Introduction


When Rankine or Coulomb theories are used to design a retaining wall, it is accepted beforehand that the retaining wall will experience a lateral displacement. By allowing the wall to move laterally, the earth pressure decreases on the active side of the wall and earth pressure increases on the passive side, and therefore more economical walls can be obtained when the lateral displacement is allowed. This lateral displacement is usually not calculated when designing a retaining wall. This article describes a method that estimates the lateral displacement of retaining walls.
Passive Side Reaction Equilibrium
When the wall slides laterally the active earth thrust develops and the frictional strength is mobilized at the base of the wall. The reaction on the passive side is determined from the balance of forces in the horizontal direction, by the Eq. (1), Fig. 1 :
(1) where, E AH is the horizontal component of active earth thrust, F F is the friction force that develops at the base of the wall and R EH is the equilibrium reaction that takes place on the passive side of the wall.
Soil-retaining wall contact pressure on the passive side is obtained from Eq. (2):
Calculation of the Lateral Displacement
The lateral displacement of the retaining wall is obtained from Eq. (3), Zeevaert [1] :
where, h  is the lateral displacement of the retaining wall, M hi is the soil horizontal deformation module in section i, x  is the width of the sections considered, hi   is the increase in the horizontal stress at the center of section i and n is the number of sections considered in the calculation of the horizontal displacement (Fig. 2) . The increment in the horizontal stress, at the center of the retaining wall and at one half of D F is obtained with Eq. (4), Medina [2] : 
where,  h is the increase in the horizontal stress, I FH is the influence value at the center of the retaining wall and at one half of D F , L is the retaining wall length, x is the horizontal distance from the origin of the X axis to the center of the corresponding section (Fig. 2 ), C1 and C2 are coefficients depending on Poisson's ratio of the material and are obtained from 
Example
Problem Statement
For the retaining wall shown in 
Solution
Active Earth Thrust
The earth thrust against the retaining wall, for the active case, is given by Eq. (8), Lambe and Whitman [3] :
where, Ea is the earth thrust against the retaining wall for the active case, W is the weight of the wedge which includes the load q on it, U is the porewater force acting against the sliding surface, P is the resultant of the friction force on the failure plane and normal force on this plane,  is the angle of internal friction of soil,  is the angle between the failure plane and the horizontal, and  is the angle between the thrust Ea line of action and the vertical (Fig. 5) .
The weight of the wedge plus the overload q on it, is obtained from Eq. (9): where, k is a coefficient depending on the angle  (Table 1) . Table 1 shows the calculation of active earth thrust against the retaining wall.
From Table 1 Table 2 shows the calculation of passive earth thrust. From Table 2 , the passive earth thrust, E P is: E P = 91.279 kN/m The horizontal component of the passive thrust is: Table 3 shows the calculation of the lateral displacement at the center of the retaining wall.
From Table 3 , the lateral displacement at the center of the retaining wall is the following: 4.2.6 Lateral Displacement at the Edge of the Wall For the calculation of the lateral displacement on the edge of the retaining wall, first the lateral displacement is calculated in the middle of a wall twice as long; i.e. a wall of 40 m in length. In the calculation of the lateral displacement, 8 sections of the same width, x = 2.40 m were considered. Table 4 shows the calculation of the lateral displacement at the center of a 40 meters long wall.
From Table 4 : 
Conclusions
It is discussed a procedure for estimating the lateral displacement of a retaining wall, which is an aid to determine the dimensions B an b (Fig. 4) and depth of foundation for wall design. When a retaining wall is designed, if the project permits, it is very convenient to design the wall so that it moves in a horizontal direction, decreasing the earth pressure on the active side and increasing the pressure of on the passive side, and therefore a more economic wall is obtained when lateral displacement is allowed.
As the wall moves in the horizontal direction, the earth pressure decreases on the active side and increases on the passive side, so that the balance of forces in the horizontal direction is reached.
